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(54) Title: APPARATUS AND METHODS FOR ARTICULAR CARTILAGE DEFECT REPAIR 
(57) Abstract 

A bone plug removal tool (30) is described. The tool (30) includes a 
cylindrical cutting element (32) having an externa) surface (34) and having an 
internal surface (36) defining an internal bore (38) extending along a longitudinal 
axis (40) of the cutting element (32) from a proximal end (42) to a distal end (43). 
A cutting tooth (44) is located at the proximal end (42) of the cutting element 
(32) and extends into the internal bore (38). A replaceable outer cylindrical 
sheath (48) is arranged concentrically around the external surface (34) of the 
cylindrical cutting element (32). A bone plug emplacement tool (80) to be used 
in conjunction with the removal tool (30) is also disclosed. The emplacement tool 
(80) includes a cylindrical element (82) having an internal surface (84) defining 
an internal bore (86) extending along a longitudinal axis (87) of the element (82) 
from a proximal end (88). The internal surface (84) further defines an internal 
step (90) adjacent a distal end (92) of the element (82). A stem is disposed for 
coaxial movement within the element (82), the stem (94) having a proximal end 
disposed within the internal bore (86). A shoulder (98) is defined in the stem (94) 
for mating engagement within the internal distal step (90) of the element (82) in 
order to limit distal movement of the stem (94) within the internal bore (86). A 
kit incorporating the various tools is disclosed. The kit, for repair of an articular 
cartilage (112), includes the bone plug removal tool (30) of the invention, an 
elongated plunger (70) for insertion into the proximal end (42) of the cutting 
element (32) and for coaxial movement within it, the plunger (70) for displacing 
a bone plug (78, 1 18) from the distal end (43) of cutting element (32) and the 
bone plug emplacement tool (80) of the invention. Kits may also include a drill 
bit containing a depth stop. A method of repairing a defective articular cartilage 
is also described. 
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APPARATUS AND METHODS FOR ARTICULAR 
CARTILAGE DEFECT REPAIR 

Field of the Invention 

5 This invention relates to articular cartilage defects and their repair and 

more particularly to an apparatus and a method for effecting such repair. 

Background of the Invention 

Defects in articular cartilage associated with trauma and osteochondritis 
10 dissecans represent a difficult challenge for surgeons. The patient can expect 
to face progressive deterioration over time leading to advanced 
osteochondritis, arthritis and the possibility of joint replacement. The knee as 
a weight-bearing joint is particularly susceptible to this problem, although 
similar injuries to the articular cartilage of other joints in humans and other 

15 mammals also occur with regularity. 

Fig. 1 illustrates a knee joint 10 between the distal end 11 (i.e., that 
surface farthest from the center of the body) of a femur 12 and the proximal 
end 13 (i.e., that surface closest to the center of the body) of the tibia 14. 
Portions 15, 17 of the connective tissue which movably ties the femur 12 to 

20 the underlying tibia 14 and fibula 18 are shown. Normally interposed 

between opposing surfaces of the femur 12 and tibia 14 are lateral and medial 
meniscus cartilages, 21 and 23, respectively. The condyles 22 at the distal 
end 1 1 of the femur 12 are normally supported by the meniscus cartilages 21 
and 23 on the proximal end 13 of the tibia 14. Normally, the distal end 1 1 of 

25 femur 12, including the condyles 22 is covered by a layer 28 of cartilaginous 
material about 5 mm thick, referred to as the articular cartilage. Articular 
cartilage 28 forms a generally resilient pad which is fixed on the distal surface 
11 of the femur 12 to protect the femur from wear and mechanical shock. 
The articular cartilage 28, when lubricated by fluid in the knee joint 10, 

30 provides a surface which is readily slidable on the underlying surfaces of the 
meniscus cartilages 21 and 23 or on the proximal surface 13 of the tibia 14 if 
one or both of the meniscus cartilages 21, 23 should be partially or totally 
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absent. Nevertheless, the articular cartilage 28 may become damaged in that 
it may be torn 24 or holed or become excessively worn. 

Methods have been used to repair such articular cartilage damage 
before it can spread or result in eventual injury or wear to the underlying 
5 condyles 22, meniscus cartilages 21, 23, or tissues associated with the tibia 
12. It has been known to replace damaged articular cartilage with a layer of 
fibrous material. See U.S. Patent No. 5,067,964. Repairing defects in 
articular cartilage in human or other mammalian joints therefore requires 
materials that have been approved by the FDA for use in the human body. Is 

10 often problematic to find such materials that are commercially available and 
relatively low in cost in which completion of the repairs are within the skills 
of qualified orthopedic surgeons. Another repair method involves packing an 
articular cartilage defect with bits of cancellous and cortical bone (Soviet 
Patent SU 1454423, June 27, 1986) that have been chipped from defect-free 

15 bone. This latter technique avoids using foreign materials but, like the former 
methods, does not preserve the original orientation of bone and cartilage. 

Prostheses have also been used for replacement of the joint itself. 
Problems encountered after implanting such prostheses are usually caused by 
the cements used to attach the prostheses to the host bone. Further, some 

20 prostheses associated with joint replacements are actually much larger than the 
degenerated tissue that needs to be replaced so that extensive portions of 
healthy bone are typically removed to accommodate the prostheses. 

The need remains to develop apparatus and methods which are suitable 
for articular cartilage repair and which avoid problems associated with prior 

25 art methods, such as those discussed above. 



Summary Of The Invention 

The present invention is an apparatus for repairing articular cartilage 
defects, and methods of using the apparatus, that harvest and utilize intact 
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bone and intact articular cartilage plugs that preserve the natural orientation of 
the bone and articular cartilage. 

One embodiment of the invention is a bone plug removal tool that 
includes a cylindrical cutting element having an external surface and having 
5 an internal surface defining an internal bore extending along a longitudinal 
axis of the cutting element from a proximal cutting edge. A cutting tooth is 
engaged with the internal surface at the proximal cutting edge and extends 
into the internal bore. The tooth is substantially orthogonal to the longitudinal 
axis of the cutting element and is defined between orthogonally extending 

10 surfaces disposed in parallel. A replaceable outer cylindrical sheath is 

arranged concentrically around the external surface of the cylindrical cutting 
element. The sheath also has an internal surface defining an internal bore 
extending along a longitudinal axis of the sheath. The sheath has a proximal 
terminus that is spaced-apart from the proximal cutting edge of the cylindrical 

15 cutting element and the terminus is designed to engage a surface of the bone 
to define a depth stop for the cutting edge. In preferred embodiments, the , 
cutting tooth is a single tooth and screw threads are disposed on the external 
surface of the cylindrical cutting element for mating with corresponding screw 
threads on the internal surface of the cylindrical sheath. A handle may be 

20 engaged with a distal end of the tool for turning the tool into the bone once it 
has been driven to the desired depth. Thus, one aspect of the invention is a 
bone plug remover having an elongated body including two concentric 
elements in which an inner element is a cutting element and an outer element 
is replaceable and defines a depth stop for cutting. 

25 Another embodiment of the invention is a bone plug emplacement tool 

to be used in conjunction with the bone plug removal tool. The preferred 
emplacement tool includes a cylindrical element having an internal surface 
defining an internal bore extending along a longitudinal axis of the element 
from a proximal end. The internal surface further defines an internal step 

30 adjacent a distal end of the element. A stem is disposed for co-axial 
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movement within the element, the stem having a proximal end disposed within 
the internal bore. A shoulder is defined in the stem for mating engagement 
with the internal distal step of the element in order to limit distal movement 
of the stem within the internal bore. The proximal end of the stem, at the 

5 limit of distal movement, is spaced-apart from the proximal end of the co- 
axial element, the respective proximal ends defining between them an internal 
bone plug receiving space for receiving a bone plug of a certain length. The 
stem may be moved from a distal position, where the shoulder and step are 
engaged and the respective proximal ends define the space for receiving a 

10 bone plug, to a proximal position, where the stem is moved proximally within 
the internal bore and the bone plug is driven from the internal bone plug 
receiving space. A second step may be defined in the stem for limiting 
proximal movement. This second step is located distal to the first step and 
external to the cylindrical element. It is preferred that, in the distal position, 

15 the second step and the distal end of the element are at a distance from each 
other that is equal to, or less than, the length of the bone plug. 

A further embodiment is a kit incorporating the various tools. The kit 
for repair of an articular cartilage includes the bone plug removal tool of the 
invention, an elongated plunger for insertion into the proximal end of the 

20 cutting element and for coaxial movement within it, the plunger for displacing 
a bone plug from the distal end of the cutting element and the bone plug 
emplacement tool of the invention. Kits may also include a drill bit 
containing a depth stop for removing a portion of damaged articular cartilage. 
A further embodiment of the invention also includes the combination of 

25 the bone plug emplacement tool of the invention and an excised bone plug 
contained within the internal bone plug receiving space of the emplacement 
tool. 

The invention also pertains to a method of repairing a defective 
articular cartilage. The method includes the steps of removing a section of 
30 defective articular cartilage from a site of cartilage damage and forming a 
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hole of sufficient depth to penetrate bone underlying the site of defective 
articular cartilage. Next, a bone plug comprising intact bone and intact 
articular cartilage adhering thereto is removed from a bone lacking defective 
articular cartilage and is placed into the hole at the site of articular cartilage 
5 damage, so that the intact articular cartilage of the bone plug is co-extensive, 
and in lateral registration (i.e., aligned) with, articular cartilage external to 
the bone hole at the site of cartilage damage. The term "intact" in this 
context means that the bone and overlying articular cartilage undergo minimal 
physical disturbance during the removal process. 

10 

Brief Description Of The Drawings 

Other objects and purposes of the invention will be apparent to persons 
knowledgeable in this art upon reading the following description and 
inspecting the accompanying drawings which show: 
15 Fig. 1 is a fragmentary front elevation view of a human knee joint with 

sufficient tissue removed to show the articular cartilage on the condyles of the 
femur, and further showing a damaged area in the articular cartilage. 

Fig. 2 is an exploded cross sectional view of a bone plug removal tool 
of the present invention. 
20 Fig. 3 is the bone plug removal tool of Fig. 2 with the cylindrical 

sheath and cylindrical cutting element joined. 

Fig. 4 A is a proximal end view of the bone plug removal tool of the 
present invention illustrating one embodiment of the cutting tooth. 

Fig. 4B is a proximal end view of the bone plug removal tool of the 
25 present invention illustrating another embodiment of the cutting tooth. 

Fig. 5 is a side elevation view of a plunger of the present invention 
that is designed to remove a bone plug from within the bone plug removal 
tool. 

Fig. 6 is a cross sectional view of a bone plug emplacement tool in its 
30 distal position. 



BNSDOCID: <WO 9627333A1 J_> 



WO 96/27333 PCT/US96/01923 

-6- 

Fig. 7 is a cross sectional view of the bone plug emplacement tool of 
Fig. 6 in its proximal position. 

Figs. 8 A through 8D are cross-sectional views of a fragment of bone 
through section 8-8 of Fig. 1 illustrating the orientation of the bone hole and 
5 bone plug of the present surgical technique. 

Fig. 8 A is a cross section through a bone that contains a defect in the 
articular cartilage. 

Fig. 8B is a cross section through a bone whose defective cartilage area 
has been removed and into which a bone hole has been drilled. A bone plug 
10 is illustrated in proper orientation for insertion. 

Fig. 8C illustrates a bone plug received within a drilled bone hole. 

Fig. 8D illustrates a plurality of drilled bone holes within an articular 
cartilage defect. 

Fig. 9 is a front elevation view of a plurality of bone plugs received 
15 within a single drilled bone hole within an articular cartilage defect. 

Detailed Description Of The Invention 

Reference is now made to Figs.~2-3 which illustrate one embodiment of 
the present bone plug removal tool. The bone plug removal tool 30 is a 

20 substantially cylindrical device made out of two pieces of surgical stainless 
steel. The tool 30 is formed into a cylindrical cutting element 32 and a 
cylindrical sheath 48 that is arranged concentrically around the cylindrical 
cutting element 32. Cutting element 32 has an external surface 34 and an 
internal surface 36. The internal surface 36 further defines an internal bore 

25 38 extending along a longitudinal axis 40 (arrows A- A) of the cylindrical 
cutting element 32. The bore 38 extends distally away from a proximal 
cutting edge 42. In the present context, the term "proximal" refers to those 
portions of the apparatus that are closest to the center of the body or, 
alternately, are furthest away from the operator of the apparatus. The term 

30 "distal" refers to those portions of the apparatus that are furthest from the 
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center of the body or, alternately, are closest to the operator of the apparatus. 
The internal bore 38 extends from the proximal cutting edge 42 to the distal 
end 43 of the cylindrical cutting element 32 from which a bone plug can be 
removed by the operator after bone plug extraction has been completed. 
5 The proximal cutting edge 42 is sharpened so that any bone entering 

the internal bore 38 is cut from the surrounding bone. An excised bone plug 
trapped within bore 38 can move freely into this space and out the distal end 

43 after the plug excision procedure has been completed, as discussed in more 
detail below. 

10 At least one cutting tooth 44 is engaged with the internal surface 36 of 

the cylindrical cutting element 32 at the proximal cutting edge 42. This tooth 

44 extends into the internal bore 38 in a direction that is substantially 
orthogonal to longitudinal axis 40 of the cylindrical cutting element 32. The 
cutting tooth 44 is defined by orthogonally extending tooth surfaces 46 that 

15 are disposed in parallel. Although a plurality of such teeth may be 

orthogonally disposed at the proximal cutting edge 42, in the most preferred 
embodiments of the present invention, only a single cutting tooth is necessary. 
As shown in Fig. 4A, the cutting tooth 44 is preferably rectangular or square 
in shape. It is also understood, however, the cutting tooth 44 may be 

20 generally triangular in shape as shown in Fig. 4B. The cutting tooth 44, 
moreover, preferably extends one-fifth of the diameter of the bore 38, 
although it may range from approximately 1/16 to 1/4 of the bore 38. When 
the bone plug removal tool 30 is rotated after insertion (to be described in 
more detail below), the core bone is forced to break loose from the 

25 surrounding bone at the cutting edge 42 and the cutting tooth 44 is embedded 
into the bone. When the tool 30 is extracted, the bone plug is extracted with 
it. The cutting tooth 44 will also cut a groove along the length of the bone 
plug which provides additional bone strength when the bone plug is emplaced 
into a bone hole, as discussed more fully below. 
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Referring again to Figs. 2 and 3, the outer cylindrical sheath 48 is 
arranged concentrically around the external surface 34 of the cylindrical 
cutting element 32. The sheath has an internal surface 50 that also defines an 
internal bore 51 extending along longitudinal axis 52 of the sheath 48. In the 
5 embodiment illustrated, the outer cylindrical sheath 48 is removably engaged 
with the cylindrical cutting element 32 by way of matching screw threads 56, 
58 located on the internal surface 50 of the cylindrical sheath 48 and on the 
external surface 34 of cylindrical cutting element 32, respectively. Therefore, 
the outer cylindrical sheath 48 is removable and may be replaced by another 

10 outer sheath having different dimensions by mating the corresponding screw 
threads. It is particularly preferred that outer cylindrical sheath 48, when 
engaged with the cylindrical cutting element 32, have a proximal terminus 54 
that is not co-extensive with the proximal cutting edge 42 of the cutting 
element 32. Specifically, the proximal terminus 54 of outer cylindrical sheath 

15 48 is spaced apart from the proximal cutting edge 42 by a distance that 

defines a depth stop distance X. The depth stop distance X defines the length 
of the bone plug that is to be removed. 

As shown in Fig. 2, an elongated, preferably cylindrical handle 60 may 
cooperate with the adjacent distal end 43 of the cutting element 32 by way of 

20 a second bore 62 that extends through the cutting element 32 orthogonally to 
the longitudinal axis 40 of the cylindrical cutting element 32. Handle 60 may 
be inserted after the tool has been driven to the desired depth and is used for 
rotating the tool to cause the bone to break at proximal cutting edge 42. 

It will be appreciated that various other embodiments are intended to be 

25 encompassed by the present bone plug tool. For example, handle 60 may be 
replaced by a conventional screw head (not shown) having a slot defined in it 
for receiving a screw driver or other, similar device. Handle 60 may also be 
replaced by a conventional hexagonal nut (not shown) which designed to 
receive a conventional socket wrench, socket driver or attached drill head. 

30 Moreover, although the cutting element 32 is preferably driven into the bone 
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without any rotational movement, such as by hammering or tapping, it is also 
understood that the cutting element 32 may be screwed or twisted into the 
bone by means of a screwdriver, socket wrench or other similar device (not 
shown). In addition, corresponding threads 56, 58 may be replaced in other 
5 embodiments by conventional spring loaded snap-fit linkages (not shown) . 
The exact nature of the handle and the nature of the removable coupling 
between the cylindrical cutting element and the outer cylindrical sheath is not 
intended to limit the scope of the invention in any way. 

The dimensions of the plug removal tool 30 may vary according to the 

10 surgical procedures. In preferred embodiments, however, the bone plug 

removal tool 30 is about 6 inches (152.4 mm) in overall length. If a handle is 
used, the handle 60 is about 4 inches (101.6 mm) in total length with a 
diameter of about .31 inches (7.9 mm). The outer cylindrical sheath 48 has 
an outside diameter of 0.30 inch (7.6 mm) to provide sufficient surface area 

15 to effectively limit the depth of penetration of the internal cylindrical cutting 
element 32. The distance between the respective proximal ends of the 
cylindrical sheath 48 and the cylindrical cutting element 32 will of necessity 
vary according to the depth of the bone plug. It is contemplated that this 
distance will vary between 5 mm and 15 mm. 

20 The outside diameter of the cylindrical cutting element 32 at the 

proximal cutting edge 42 may also vary but is most preferably about 0.25 
inches (6.3 mm) with a bore of about 0.196 inches (4.9 mm) inside diameter. 
Although the bore will preferably range between 4.5 mm and 10 mm, it will 
again be appreciated that this inside diameter can be smaller or larger 

25 depending upon the circumstances. 

As discussed above, the bone plug can move freely through internal 
bore 38 and pass out from the distal end 43 of cutting element 32 after the 
plug removal procedure has been completed. Fig. 5 illustrates a plunger 70 
that is designed to accomplish this. Plunger 70 includes a shaft 72 having a 

30 proximal end 74 and a distal portion 76 whose outside diameter is 



WO 96/27333 PCT/US96/01923 

-10- 

significantly larger than the outside diameter of the rest of the shaft. The 
differences in outside diameter between the shaft 72 and the distal portion 76 
form a step 77 at the junction of the distal portion 76 and shaft 72. The 
outside diameter of the shaft is sufficiently small so that shaft 72 can be 
5 passed between the cutting tooth 44 and the opposite, internal surface 36 of 
the cylindrical cutting element 32. An exemplary plunger that may be used 
with the bone plug removal tool has a shaft of about 0.125 inches (3.17 mm) 
in diameter and at length of about 7 inches (177.8 mm) between its proximal 
end 74 and the step 77. 

10 Figs. 6 and 7 illustrate a bone plug emplacement tool 80 used to drive 

an excised bone plug into a drilled bone hole so that defective articular 
cartilage may be repaired. Fig. 6 also shows a bone plug 78 in place within 
the emplacement tool 80. Bone plug emplacement tool 80 includes cylindrical 
element 82 having an internal surface 84 defining an internal bore 86. 

15 Element 82 has an expanded section 83 adjacent distal end 92. The internal 
bore 86 extends along a longitudinal axis 87 of the element 82 from a 
proximal end 88 of the element 82. Element 82 has a distal end 92. The 
internal surface 84 further defines, adjacent the distal end 92 of the element 
82, an internal step 90. 

20 A stem 94, which may be solid, is disposed within the internal bore 86 

and is adapted for co-axial (i.e. distal-proximal) movement. Stem 94 does not 
have an uniform outside diameter but includes a first shoulder 98 that is 
designed to mate in facing relationship to the internal step 90 of the 
cylindrical element 82. When first shoulder 98 and internal step 90 are thus 

25 engaged, distal movement of the stem within the internal bore is halted. In 
this position (Fig. 6), the proximal end 96 of stem 94 is located within 
internal bore 86 and is spaced apart from the proximal end 88 of the 
cylindrical element 80. The respective proximal ends 88, 96, define between 
them an internal bone plug receiving space that is configured to receive the 



BNSDOCID: <WO 9B27333A l_}_> 



WO 96/27333 



PCT/US96/01923 



-11- 

bone plug 78 that is to be emplaced. In the embodiment illustrated, the stem 
94 extends distally from the distal end 92 of cylindrical element 82. 

At some distance from distal end 92, the stem 94 has defined in it a 
second shoulder 100. The second shoulder 100 is designed to engage with the 
5 distal end 92 of element 82 and this engagement limits the proximal 
movement of the stem 94 within the internal bore 86. The distance (Z) 
between the second shoulder 100 and distal end 92 of the cylindrical element 
82 is designed to be at least equal to the longest dimension of the bone plug 
78. Similarly, the distance (Z') between the proximal end 96 of stem 94 and 

10 the proximal end 88 of the cylindrical element 82 is also at least equal to the 
longest dimension of the bone plug 78 and equal in length to the length of the 
internal bone plug receiving space. Proximal movement of the stem 94 within 
the internal bore 86 of the emplacement tool 80 will completely disgorge the 
bone plug 78 into a drilled bone hole. In preferred embodiments, the distance 

15 (Z) between the second shoulder 100 and the distal end 92 of the cylindrical 
element 82 is slightly less than the bone plug depth. For instance, in a 5 mm 
long bone plug, Z is 4 mm; for a 10 mm long bone plug, distance Z is 9 mm; 
for a 15 mm bone plug, distance Z is 14 mm, and so on. Thus, the distance 
(Z') between the proximal end 96 of the stem 94 and the proximal end 88 of 

20 the cylindrical element 82 is also slightly less than the bone plug depth. 

Specifically, if the bone plug is 5 millimeters long, the distance (Z*) between 
the respective proximal ends 88, 96 is 4 millimeters so that one millimeter of 
bone will protrude from the proximal end 88 of the cylindrical element 82. 
This protruding section assists the operator in finding the drilled bone hole 

25 prior to emplacement. 

The stem 94 is adapted for movement from a distal position (Fig. 6), 
where the first shoulder 98 and the internal step 90 are engaged and the 
respective proximal ends 88, 96 define between them the internal bone plug 
receiving space. The stem 94 then moves to a proximal position (Fig. 7) 

30 where the second shoulder 100 engages with the distal end 92 of cylindrical 
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element 82 and the bone plug is disgorged from within the internal bone plug 
receiving space, as described below. An exemplary emplacement tool that is 
compatible with the bone plug removal tool discussed previously has a 
cylindrical element that defines an internal bore of about 0.196 inches (4.9 
5 mm) inside diameter. The outside diameter of the cylindrical element may be 
about 0.25 inches (6.3 mm) in diameter. The length of the cylindrical 
element from its proximal end to the beginning of the expanded section 83 
may be about 5.5 inches (139.7 mm) in length. 

The surgical technique described herein is preferably performed 

10 arthroscopically using conventional equipment, although open techniques may 
be utilized should proper bone plug insertion prove impossible by arthroscopic 
means. Before surgery, a bone plug removal tool of the present invention is 
prepared. A standard anterolateral or medial or superior portal is used to 
introduce a 4.5 mm, 30° oblique arthroscope, and a shaver is applied through 

15 an anteromedial portal to prepare the articular cartilage defect. After shaving 
the degenerated cartilage in the vicinity of the defect, an 8 mm skin incision 
is made on the superolateral corner of the patellofemoral joint. The bone 
plug removal tool 30 is inserted through this portal and at least one cylindrical 
bone plug (5 mm in diameter and 10 mm in length) is taken from the lateral 

20 wall of the patellar groove, located outside the patellofemoral joint. A bone 
plug may also be taken from the anterolateral side of the intercondylar area. 
Three holes, each with a diameter of 4.8 mm, are then made using a drill bit 
through the anteromedial portal. The bone plug is removed from the removal 
tool 30 using the plunger 70 and positioned within the emplacement tool 80, 

25 as described below. The bone plug emplacement tool 80 of the invention 
containing the bone plug in its correct orientation is placed over the hole 
through this portal and the bone plug is pushed into the hole using the 
emplacement tool 80, as described herein. 

Referring generally to Figs. 8A-8D, the present invention contemplates 

30 repairing a defect or damaged area 1 10 in an articular cartilage 1 12 by 
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removing a conveniently shaped (for example circular) portion 1 1 4 of the 
defective articular cartilage layer 112 and a portion 115 of the underlying 
bone 1 16. Fig. 8A illustrates the general principle, discussed more fully 
below, that the surface area of the bone portion removed 1 15 is not 
5 necessarily co-extensive with the surface area 1 14 of cartilage removed. The 
edges 122 of the defect 110 are debrided to create vertical walls and sharp 
edges. The base of the defect is shaved smooth but is not abraded through to 
the subchondral bone. The size of the removed portion 1 14 is kept to a 
minimum but is large enough to include the whole of the damaged cartilage 
10 area. 

The bone is drilled with a hand or power drill containing a drill bit that 
most preferably has an expanded outside diameter (i.e., a depth stop 
countersink) located some distance distal to the proximal end of the drill bit. 
An exemplary drill bit used with the present methodology has a cutting 

15 surface exactly equal to the chosen length of the bone plug. That is, the 
cutting surface can be between about 5 mm and 15 mm in length. The 
outside diameter of such an exemplary drill bit is very slightly undersized 
relative to the inside bore diameter of the bone core removal tool. In 
particular, an internal bore of 0.196 (4.97 mm) inside diameter for the 

20 cylindrical cutting element of a bone core removal tool would require a drill 
bit of 0.190 (4.82 mm) inches outside diameter. The difference of 0.006 
(0.15 mm) inches is necessary for the required interference fit of the bone 
plug within the drilled bone hole. The outside diameter of the drill bit begins 
its expanded depth stop section at a distance above the proximal end that is 

25 equal to the depth of the bone plug. This expanded section may be 0.25 
inches (6.35 mm) in diameter and can be about 6 inches (152.4 mm) long. 

Bone holes drilled into the underlying bone may be of any depth but 
are most preferably about 5 mm to about 15 mm in depth. It is most preferred 
that excised plugs of articular cartilage with the underlying subchondral 

30 cancellous bone attached have a total length of about 10 mm. This will 
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provide individual bone plugs having about 5 mm of cartilage and 5 mm of 
bone or other similar combinations such as 2mm of cartilage and 8 mm of 
bone, 3 mm of cartilage and 7 mm of bone, etc. 

Depending on the size of the defect and of the underlying bone hole, 

5 several bone holes may be drilled, each bone hole designed to receive a single 
bone plug (Fig. 8D) or a single bone hole may be drilled to receive a plurality 
of bone plugs (Fig. 9). 

Following removal of the articular cartilage portion of the damaged 
area 110, as well as the underlying bone, a correspondingly sized and shaped 

10 bone plug 118 is inserted, first into and through the opening 114 left in the 
articular cartilage layer 1 12, and then into the underlying drilled bone hole 
120. The bone plug 118 contains both bone 116A and its overlying articular 
cartilage 112A. These plugs will most preferably be taken from the non 
weight-bearing surfaces of the joint principally in the intracondylar notch and 

15 the periphery of the condyle. The bone plug 1 18 is inserted into the drilled 
bone hole 120 so that the articular cartilage layer 112A of bone plug 118 is in 
lateral registration with (i.e., is aligned with) the articular cartilage layer 112 
surrounding the drilled bone hole 120. 

The bone plug 1 1 8 is of sufficient shape to maintain a frictional fit 

20 within the drilled bone hole 120 and will remain there until such time as 

tissue ingrowth from the surface of the bone and peripheral, cut edges 122 of 
the articular cartilage layer 112 surrounding the bone hole 120 more 
permanently fix the bone plug 118 in place. 

Bone plugs 118 may be positioned within a single bone hole 120 so 

25 that their respective outer peripheral edges are not in contact with each other. 
More preferably, individual bone plugs 118 located in their respective bone 
holes 120 may have their centers between 3 mm and 5 mm apart (See Fig. 
8D). The peripheral edges 113, 115 of a given bone plug 118 are preferably 
positioned at some distance (Y) from the cut edges 122 of the defect and it is 

30 preferred that this distance be no further than about 5 mm. 
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These rules for bone plug spacing and orientation allow for a variety of 
possible configurations. For example, an articular cartilage defect 10 mm in 
diameter may accommodate one 5 mm diameter plug in the center of the 
defect. A defect 20 mm in diameter may be divided into four, 10 mm 

5 diameter quadrants and four holes drilled in the underlying bone. The defect 
therefore receives a total of four bone plugs. 

Although the bone plug 118 is designed to have a friction fit into the 
drilled bone hole 120, several temporary fixation techniques are available. 
One such technique involves sewing sutures through the respective peripheral 

10 edges 1 13 of the articular cartilage layer 1 12A adhering to the bone plug and 
the articular cartilage 122 of the surrounding tissue. Alternatively, an 
adhesive layer (not shown) may be provided between the bone plug 1 1 8 and 
drilled bone hole 120. This adhesive layer allows time for sufficient ingrowth 
of tissue from the surrounding environment so that bone plug is locked into 

15 place in the bone hole. Various bio-adhesives are well known in the art. See 
for example U.S. Patent 5,067,964 (fibrinogen and thrombin sealant). Bone 
growth or cartilage growth promoting chemical factors may also be added. 
These may include cartilage-derived growth factor (CDGF- See U.S. Patent 
5,376,636), various inteleukins, colony-stimulating factor (CSF), osteopontin, 

20 platelet-derived growth factor (PDGF) and bone morphogenic protein (BMP- 
1). See also U.S. Patent 5,373,503, incorporated herein by reference. 

In use, the bone plug removal tool 30 is positioned above the 
bone/cartilage surface and the proximal cutting edge 40 of the cylindrical 
cutting element is preferably tapped with a hammer (not shown) to seat the 

25 proximal cutting edge 40. When the tool 30 is fully seated in the bone, the 
handle 60 is turned a minimum of 360° degrees and the cylindrical cutting 
element 32 engages the bone down to a depth that is limited by contact of the 
proximal terminus of the outer sheath 54 with the bone surface. The outer 
sheath 54 does not cut into the bone. The tool 30 is then pulled distally away 

30 from the bone with a twisting action to remove the bone plug. The plunger 
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70 is then inserted through the proximal cutting edge 42 of the bone plug 
removal tool 30 to push or tap the bone plug through the internal bore 38 and 
out the distal end 43 of the bone plug removal tool 30. The excised bone 
plug is then manually inserted, typically by the surgeon, into the receiving 
5 space of the emplacement tool 80, articular cartilage surface 112A first. This 
insures proper orientation of the bone plug within the receiving space so that 
the excised articular cartilage layer 1 12A is engaged with the proximal end of 
the stem 96. It is particularly preferred that about one millimeter (1 mm) of 
underlying bone protrude from the proximal end 88 of the cylindrical element 

10 82. This configuration allows the operator to find the drilled bone hole more 
easily. Once located, the bone plug is pressed into the drilled bone hole by 
moving the stem 94 from the distal to the proximal position so that the 
excised bone plug can be disgorged into the bone hole. The holes drilled in 
the donor defects are filled with collagen plugs. 

15 Post operative rehabilitation may include nonweight bearing for eight 

weeks with crutches. Full active motion of the knee will be encouraged such 
as "nonweight bearing" exercise with a stationary bike using minimal 
resistance but high speed. This is useful for thigh rehabilitation as soon as 
pain and swelling permits. Running and pivoting activities should not be 

20 allowed until after healing is confirmed either radiographically or by relook 
arthroscopy. 

An exemplary prospective study to assess the effectiveness of this 
technique is now described. Patients are selected with significant full 
thickness articular cartilage defects located on the weight bearing surface of 

25 the femur. To be included in the study, patients are a minimum age of 14 

years, have a thickness defect in the distal femoral condyle that includes those 
caused by osteochondritis dissecans and trauma that is at least 10 mm but no 
larger than 30 mm in diameter, adequate bone density, a willingness to 
comply with the study protocol, and a commitment to return for at least two 

30 years follow up. No patient with an active infection, who does not meet all 
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of the inclusion criteria, or who has had prior knee surgery that would 
compromise the vascular supply is included. 

Preoperative assessment includes a history including any identifiable 
etiology of the defect, a physical and radiographic evaluation, and the 
5 completion of both the Lysholm knee scoring scale and Tegner activity level 
scale. The objective evaluation includes tests for mensical signs, range of 
motion, atrophy, effusion, instability (Lachman, anterior drawer, and pivot 
shift), and patellofemoral problems. Baseline radiographs are obtained. The 
findings at surgery and procedures performed are recorded. 
10 Post operative assessments occur at intervals of 1, 2, 3, 6, 12, and 24 

months. These assessments are essentially the same as the preoperative 
evaluations and include the data for the Lysholm and Tegner scale and knee 
radiographs. 

It should be understood that the preceding is merely a detailed 
15 description of certain preferred embodiments. It therefore should be apparent 
to those skilled in the art that various modifications and equivalents can be 
made without departing from the spirit or scope of the invention. 

What is claimed is: 
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1. A bone plug removal tool, comprising: 

a cylindrical cutting element having an external surface and having an 
internal surface defining an internal bore extending along a longitudinal axis 
of said cutting element from a proximal end to a distal end of said cutting 
5 element; 

a cutting edge located at the proximal end of said cutting element for 
cutting a plug of bone as the cutting element is driven into a bone; 

at least one cutting tooth located at the proximal end of said cutting 
element and extending into said internal bore, said cutting tooth substantially 
10 orthogonal to the longitudinal axis of the cutting element; and 

an outer cylindrical sheath arranged concentrically around the external 
surface of the cylindrical cutting element, the sheath having an internal 
surface defining an internal bore extending along a longitudinal axis of said 
sheath, the sheath having a proximal terminus that is spaced-apart from the 
15 cutting edge of the cylindrical cutting element. 

2. The tool of claim 1, wherein the proximal terminus of the sheath is 
adapted to engage a surface of the bone and defines a depth stop for the 
cutting edge. 

20 

3. The tool of claim 1, wherein the plug of bone cut by the tool has a 
length equal to the distance between the proximal terminus of the cylindrical 
sheath and the proximal cutting edge of the cutting element. 

25 4. The tool of claim 1, wherein the cutting tooth is a single tooth. 

5. The tool of claim 1, wherein the cutting tooth is defined between two 
orthogonlly extending surfaces disposed in parallel. 
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6. The tool of claim 1, wherein the cutting tooth has a substantially 
rectangular planar surface. 

7. The tool of claim 1, wherein the cutting tooth has a substantially 
5 triangular planar surface. 

8. The tool of claim 1, wherein the cutting tooth extends approximately 
one-fifth of the diameter of the internal bore. 



10 9. The tool of claim 1, further comprising screw threads disposed on the 
external surface of the cylindrical cutting element for mating engagement with 
corresponding screw threads on the internal surface of the cylindrical sheath. 

10. The tool of claim 1, further comprising a handle engaged with the 
15 distal end of the tool, the handle cooperating with the tool in a direction 

orthogonal to the longitudinal axis of the cutting element, for turning the tool 
into the bone. 



1 1 . The tool of claim 1 , further comprising a slotted nut engaged with the 
20 distal end of the tool, the slotted nut for cooperation with a blade for turning 

the tool into the bone. 

12. The tool of claim 1, further comprising a hexagonal nut for cooperation 
with a socket driver for turning the tool into the bone. 

25 

13. The tool of claim 12, wherein the hexagonal nut is capable of being 
attached to a drill. 



30 
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14. A bone plug emplacement tool, comprising: 

a cylindrical element having an internal surface defining an internal 
bore extending along a longitudinal axis of said element from a proximal end 
thereof, the internal surface further defining an internal step adjacent a distal 
5 end of the element; 

a stem disposed for co-axial movement within the element, the stem 
having a proximal end disposed within the internal bore; and 

a shoulder defined in the stem for mating engagement with the internal 
distal step of the element in order to limit distal movement of the stem within 
10 the internal bore, wherein the proximal end of the stem, at the limit of distal 
movement, is spaced-apart from the proximal end of the cylindrical element, 
the respective proximal ends of the stem and element define therebetween an 
internal bone plug receiving space for receiving a bone plug to be emplaced, 

wherein the stem is adapted for movement from a distal position, 
15 where the shoulder and step are engaged and the respective proximal ends of 
the stem and element define therebetween a space for receiving a bone plug, 
to a proximal position, where the stem is moved proximally within the 
internal bore and the bone plug is driven from the internal bone plug 
receiving space. 

20 

15. The tool of claim 14, further comprising a second shoulder defined in 
the stem for limiting proximal movement thereof, the second shoulder located 
distal to the first shoulder and external to the cylindrical element, wherein the 
second shoulder is for engagement with the distal end of the cylindrical 

25 element when the stem is in its proximal position. 

16. The tool of claim 15, wherein in the distal position, the second 
shoulder and the distal end of the cylindrical element are at a distance from 
each other that is equal to, or less than, the length of the bone plug. 

30 
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17. A kit for repair of articular cartilage, comprising: 

(a) a bone plug removal tool, comprising: 

a cylindrical cutting element having an external surface and 
having an internal surface defining an internal bore extending along a 
5 longitudinal axis of said cutting element from a proximal end to a distal end 
of said cutting element; 

a cutting edge located at the proximal end of said cutting 
element for cutting a plug of bone as the cutting element is driven into a 
bone; 

10 at least one cutting tooth located at the proximal end of said 

cutting element and extending into said internal bore, said cutting tooth 
substantially orthogonal to the longitudinal axis of the cutting element; and 
an outer cylindrical sheath arranged concentrically around the 
external surface of the cylindrical cutting element, the sheath having an 

15 internal surface defining an internal bore extending along a longitudinal axis 
of said sheath, the sheath having a proximal terminus that is spaced-apart 
from the cutting edge of the cylindrical cutting element; 

(b) an elongated plunger for insertion into the proximal end of the 
cutting element of the tool of claim (a) and for coaxial movement therewithin, 

20 the plunger for displacing a bone plug from the distal end of cutting element; 
and 

(c) a bone plug emplacement tool, comprising: 

a cylindrical element having an internal surface defining an 
internal bore extending along a longitudinal axis of said element from a 
25 proximal end thereof, the internal surface further defining an internal step 
adjacent a distal end of the element; 

a stem disposed for co-axial movement within the element, the 
stem having a proximal end disposed within the internal bore; and 

a shoulder defined in the stem for mating engagement with the 
30 internal distal step of the element in order to limit distal movement of the 
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stem within the internal bore, wherein the proximal end of the stem, at the 
limit of distal movement, is spaced-apart from the proximal end of the 
cylindrical element, the respective proximal ends of the stem and element 
define therebetween an internal bone plug receiving space for receiving a 
5 bone plug to be emplaced, 

wherein the stem is adapted for movement from a distal 
position, where the shoulder and step are engaged and the respective proximal 
ends of the stem and element define therebetween a space for receiving a 
bone plug, to a proximal position, where the stem is moved proximally within 
10 the internal bore and the bone plug is driven from the internal bone plug 
receiving space. 

18. The kit of claim 17, further comprising: (d) a drill bit containing a 
depth stop. 

15 

19. The kit of claim 17, wherein the proximal terminus of the sheath defined 
by the tool in (a) is adapted to engage a surface of the bone and defines a 
depth stop for the cutting edge. 

20 20. The kit of claim 17, wherein the plug of bone cut by the tool defined 
in (a) has a length equal to the distance between the proximal terminus of the 
cylindrical sheath and the prdximal cutting edge of the cutting element. 

21. The kit of claim 17, wherein the cutting tooth defined by the tool in (a) 
25 is a single tooth. 

22. The kit of claim 17, wherein the cutting tooth defined by the tool in (a) 
is defined between two orthogonlly extending surfaces disposed in parallel. 
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23. The kit of claim 17, wherein the cutting tooth defined by the tool in (a) 
has a substantially rectangular planar surface. 

24. The kit of claim 17, wherein the cutting tooth defined by the tool in (a) 
5 has a substantially triangular planar surface. 

25. The kit of claim 17, wherein the cutting tooth defined by the tool in (a) 
extends approximately one-fifth of the diameter of the internal bore. 

10 26. The kit of claim 17, wherein the tool defined in (c) further comprises a 
second shoulder defined in the stem for limiting proximal movement thereof, 
the second shoulder located distal to the first shoulder and external to the 
cylindrical element, wherein the second shoulder is for engagement with the 
distal end of the cylindrical element when the stem is in its proximal position. 

15 

27. The kit of claim 26, wherein the tool defined in (c) in the distal 
position, the second shoulder and the distal end of the cylindrical element are 
at a distance from each other that is equal to, or less than, the length of the 
bone plug. 

20 

28. In combination, the bone plug emplacement tool of claim 10 and an 
excised bone plug contained within the internal bone plug receiving space of 
the emplacement tool. 

25 29. In a bone plug remover having an elongated body, wherein the 

improvement comprises a body including two concentric elements in which an 
inner element is a cutting element and an outer element is replaceable and 
defines a depth stop for cutting. 

30 
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30. A method of repairing a defective articular cartilage, comprising: 
removing a section of defective articular cartilage from a site of 
cartilage damage; 

forming a hole of sufficient depth to penetrate bone underlying said site 
5 of defective articular cartilage; 

removing a bone plug comprising intact bone and intact articular 
cartilage adhering thereto from a bone lacking defective articular cartilage; 
and 

placing into the hole at the site of articular cartilage damage said bone 
10 plug comprising intact bone and intact articular cartilage adhering thereto. 



31 . The method of claim 30, wherein the bone plug comprising intact bone 
and intact articular cartilage adhering thereto is placed into the hole at the site 
of articular cartilage damage so that the intact articular cartilage of the bone 

15 plug is a co-extensive, and in lateral registration with, articular cartilage 
external to the bone hole at the site of cartilage damage. 

32. The method of claim 30, wherein the step of removing comprises: 
contacting a proximal cutting edge of a cylindrical cutting element with 

20 a surface of the bone, the cutting element having an internal surface defining 
an internal bore extending along a longitudinal axis of said cutting element 
from the proximal cutting edge, and an outer cylindrical sheath arranged 
concentrically around the external surface of the cylindrical cutting element, 
the sheath having a proximal terminus that is spaced-apart from the proximal 

25 cutting edge of the cylindrical cutting element; 

driving the cutting element into the bone surface so that the proximal 
cutting edge is driven into the bone to form a bone plug containing bone and 
adhering articular cartilage and the proximal terminus of the sheath rests 
against the surface of the bone; 
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turning the cutting element at least 360° to separate the bone plug from 
the bone; and 

removing the bone plug containing intact bone and intact adhering 
cartilage from the bone. 

5 

33. The method of claim 32, wherein the step of placing comprises: 

inserting the bone plug, articular cartilage first, into an internal bone 

plug receiving space formed within a bone plug emplacement tool; 

contacting the emplacement tool and received bone plug with the 
10 formed hole; 

disgorging the bone plug and adhering articular cartilage into the 

formed hole so that the healthy, adhering articular cartilage of the bone plug 

is co-extensive, and in lateral registration with, articular cartilage external to 

the bone hole. 

15 
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